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Abstract 

We demonstrate that all exact solutions of the Riccati equation by 
Dai and Wang [C.-Q. Dai, Y.-Y. Wang, Phys. Lett. A 373 (2009) 181- 
187] are not new and cannot be new because the general solution of this 
equation was obtained more than one century ago. Moreover we show 
that some "new solutions" by Dai and Wang of the Riccati equation 
do not satisfy this equation. We also illustrate that the authors did 
not obtain any new solutions for solution of the (3+l)-dimensional 
Burgers system. 
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1 On "new" solutions of the Riccati equation 
by Dai and Wang 

Dai and Wang [1] looked for exact solutions of the Riccati equation 
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where Iq is constant. In their letter these authors say: "we firstly use the 
the Exp — function method [2] to seek new exact solutions of the Riccati 
equation ([I])". Firstly Dai and Wang are wrong here because they are not 
first who applied the Exp-function method to find "new solutions" of the 
Ricatti equation. Zhang was first in [3] who used the Exp - function method 
to find "new generalized solitonary solutions of Riccati equation". Criticism 
of the paper by Zhang [3] was given in our recent work [4]. 

Secondly Dai and Wang claim: "we obtain some new exact solutions of 
the Riccati equation" . The Riccati equation (JTJ has been studied during sev- 
eral centuries, therefore statement by Dai and Wang may cause a sensation. 
Unfortunately there is no sensation because this statement is wrong as well. 

Let us show that some "solutions" by Dai and Wang are not new and 
some of them do not satisfy the Riccati equation. "Introducing a complex 
variable" r] = k£ + £o Dai and Wang rewrite equation (pQ) in the form 



where k is a constant, £o is an arbitrary constant. It is well known (see any 
textbook on differential equations) that this equation has the general solution 
in the form 



This solution depends on one arbitrary constant £o- m the limit k — > =f0 this 
formula degenerates to the constant solution 



There is no any other solution of equation (j2J) besides and PJ. 

Using the Exp-function method Dai and Wang found five exact solutions 
of the Riccati equation ([2]). These solutions are as follows: 



kip' — Iq — ip 2 = 0, 



(2) 




(3) 



<p(v) = ±V-k- 



(4) 



— y / —l bie ri + a_ie 



(5) 




n 



—i\/lobie v + a_ie v 



(6) 



, -a_i _„ ) V 

v'o 



V = 2^ki + Co 



(7) 




2 



y/=kb 2 e 2r > + aie" + a - ^b^e 



U 2n i V, 77 i ct?+'o6?+2 v /^a 6 2 . (<n+-/ = M>l) (4a &2— /^af-JoV^iofc?) 

b 2 e ' + b x e ' + ^ + ^ 



V 



M + to, 



^5 = -FT — h TT ' ^ = - 2 V-^ + £o- (9) 

b 2 exp(2 V ) + hev + ^gf^ + 

Solutions ©-Q correspond to formulae (17), (20), (23), (27) and (28) in 
the work [1]. 

Note that the Riccati equation ([2]) is the first-order differential equation 
and all solutions of this equation can have only one arbitrary constant [5-8] . 
Therefore formulae ©-([9]) can contain only one arbitrary constant. But Dai 
and Wang believe that there are more arbitrary constants in each expression 
©-([11]). Namely, they claim that there are: two arbitrary constants a_i and 
bi in tfi and ip 2 , three arbitrary constants Oq, bo, and b_i in cp 3 , four arbitrary 
constants a Q , a±, b\, and b 2 in ip 4 , three arbitrary constants a_i, b\, and b 2 in 

<£>5- 

Let us demonstrate that this is not the case because it is not possible 
never. Rewriting expression (jSJ) we have 
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(10) 



Due to 77 = v— IoC + £0 we obtain that there is only one arbitrary constant 
£0 — § log J""^ m the argument of tanh. Therefore solution ipi by Dai and 
Wang coincides with known solution 

We can see that solution ip 2 by Dai and Wang is equal to tfi because 
= iy/lo- Therefore ip 2 coincides with solution ([3]). 

Substituting tp 3 in Eq.([2]) we do not get zero. Therefore expression y? 3 
does not satisfy Eq.© and this expression is not a solution of the Riccati 
equation (j2J) if flo, bo, i>_i are arbitrary constants. Function (p 3 can be solution 
of the Riccati equation ([2]) only if we assume additional constraints 

a 2 + b 2 l = 0, 6_i (Mo-^oV 7 ^) =0 (11) 
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However in this case expression is the trivial solution 

Substituting <^ 4 in equation (j2J) we do not obtain zero as well. So function 
</?4 is not a solution of the Riccati equation (j2J) if ao, a±, b±, and b 2 are arbitrary- 
constants. Expression <p± is a solution of the Riccati equation (j2J) only if we 
take additional constraints into account 

ai = -y/^ioh, b x b 2 = 0, a b 2 = 0, (12) 

or 



at = \/-l bi, a b 2 = 0, a ^i = 0. (13) 

In these cases expression <^ 4 is the trivial solution (J3J) again. 
Expression (Q can be presented as the following 

^5 = 7= 7= = 

6 2 e 2 ^ + 61 & + v ^° i - lfc2 + ^a_ ie -^ 
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Due to 1] = — 2a/— /o£ + £o we obtain that there is only one arbitrary constant 
2+| 1°S ^7 i n argument of tanh. Therefore solution tp 5 by Dai and Wang 
coincides with known solution ([3]). 

Thus we have proved that Dai and Wang did not find new solutions of the 
Riccati equation (j5J). Moreover, functions (p 3 and y2 4 in general case are not 
solutions of the Riccati equation (j2J). What is more we state that nobody can 
not obtain new exact solutions of the Riccati equation The statement 
by Dai and Wang in [1] on the Riccati equation is wrong. 

2 On "new" solutions of the (3+l)-dimensional 
Burgers system by Dai and Wang 

Dai and Wang have considered the (3+l)-dimensional Burgers system in [1] 
as well 

u t — 2uu y — 2vu x — 2wu z — u xx — u yy — u zz = 0, 

(15) 

U X - Vy = 0, U z — Wy = 0. 
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Authors [1] claim: "based on the Riccati equation and its new exact solutions, 
we find new and more general exact solutions with two arbitrary functions 
of the (3+l)-dimensional Burgers system". In this section we show that this 
statement is wrong. All solutions of the (3+l)-dimensional Burgers system 
by Dai and Wang are not new. 

Authors [1] have obtained two formal solutions of the system of equations 

m 

u = -h<p(£), v = — — — — - p x (p(£), w = -Pz<p(£) (16) 

^Px 



and 



U = --hp® + -hy/lo + <£ 2 (£), 



v = Pt p ; x px Pzz - \pmo + \p*Vk (it) 

w = --^pMO + \pz\fk + v 2 (0- 

Here is solution of the Riccati equation (jTJ). In formulae (ITS|) - (fT7|) Dai 
and Wang take £ = p(x, z, t) + hy, where p(x, z, t) is an arbitrary function, 
h is an arbitrary constant. 

Substituting expressions (J5|) (J9j) to the formulae (fIE]) - ([I?]) Dai and Wang 
obtained ten "new solutions" of the Burgers system (1151) . We proved in 
previous section that expressions (jS])-® by Dai and Wang are equivalent to 
two solutions (jHJ) and (j4j) of the Riccati equation. Therefore Dai and Wang 
can get only four solutions of the Burgers system ffT5l) . Let us show that only 
two distinct solutions of ffT5l can be obtained in such a way. 

Taking solution (j3J) of the Riccati equation (JTJ in the form 

<f(0 = -y^tanh (y^k(p + hy)+^ , i = p+hy, (18) 
and substituting (jTSJ) into the formal solution ffTET) we have 

h\^k> tanh (y/—k(p + hy) + £ J , 
+ p x ^/^ ta,nh ( y/^(p + hy) + £ ) , (19) 

Zp x V / 

w = p 2 A/^tanh (^f-k{p + hy) + f ) • 

Without loss of generality we can introduce new arbitrary function q(x, z, t) = 
\/—lop(x, z, t) +£o and new arbitrary constant r = ^J—l^h. Then expressions 



u 

Pt ~ Pxx ~ Pz 
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din]) take the form 

u = r tanh(g + ry) , v = — — — — + q x tanh(g + ry), 

(20) 

w = q z tanh(g + ry), 

Now let us substitute the function (TT8]) in the formal solution (TT71) . After 
some transformations we have 



u 



i/iV^tanh f— ^0 + hy) + y - ^ , 



u = Pt — ]g — + I pa;V /Z^tanh ^— + M + y - ^-J , (21) 
w = ^ V / -^o tanh ^— (p + %) + y - yj ■ 

Introducing new arbitrary function q(x, z, t) = ^^-p(x, z, t) + y — *f and 
new arbitrary constant r = ^~^ h we can rewrite expressions fl2~T|) in the form 
PI). 

Therefore solutions fTT9|) and ()21|) are the same. However solution fl20l) of 
the Burgers system (fl~5]) is not new. This solution was found by Li et al in 
work [9]. 

Taking constant solution = ±^/—l of the Riccati equation ([TJ) and 
substituting it in (|T6|) we have 



u = ±h-^T Q , v = — — — — ±Pa,\/^, w = ±p z \f^r$. (22) 



2p : 

Substituting the same function in fTTTl) we obtain 



« = ±^, »= ft -^-"" ±^V=fe. «=±^- (23) 
2 2p x . 2 2 

We can write solutions (I2"2"l) - (j2"5|) in more general form 

u = r, v = q, w = s, (24) 

where q = q(x, z, t) and s = s(x, z, t) are arbitrary functions, r is an arbitrary 
constant. Therefore solutions (I2"2l - (12"31) are the same. Solution f[2"4"]) of the 
system (1151) is obvious and can be obtained without any calculations. 

Thus we see that Dai and Wang get only two distinct solutions fl20l) and 
fl24|) of the Burgers system (ITS]) . Solution (120]) is not new, solution (124]) is the 
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trivial solution. So the statement by Dai and Wang cited in the beginning of 
this section is wrong. Authors [1] did not obtain new results for the Riccati 
equation (j2J) and for the Burgers system (fl5|) . Some statements and some 
results by Dai and Wang are wrong. 
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